Adverse selection is expected to occur with agricultural products because they are credence goods with respect to food safety. However, these products' safety levels are usually higher than the safety standards set by public agencies. This study suggests reasons for this phenomenon through theoretical examinations and numerical simulations, producing several results. First, even if we suppose that the cost functions of firms producing higher-quality products are in the upper regions, not only can firms producing the lowest-quality products remain in a 'market for lemons' but other firms can as well. Second, if we relax the above assumption about cost functions, even firms producing the highest-quality products can remain in a lemon market, while firms producing middle-quality products can increase their sales. Moreover, the WTP at some stage can be more than the initial WTP.
Introduction
A fundamental function of food is providing nutrition. Humans once needed to ensure a minimum calorie intake under income constraints. Rising income levels made it easier to acquire the necessary calories (Pritchett & Summers, 1996) . Later, humans purchased additional values such as taste and other qualities (Drewnowski, 1997; Blaylock, Smallwood, Kassel, Variyam & Aldrich, 1999) . For example, individuals spent their extra money on higher-quality foods (e.g., by shifting from pork to beef). Currently, after satisfying taste and other qualities, emphasis is being placed on food safety.
Economists usually categorise foods into search goods, experience goods, and credence goods (Nelson, 1970; Darby & Karni, 1973) . Many foods are affected by problems such as asymmetric information (e.g., when sellers have more information about goods than consumers) and imperfect information (e.g., when consumers cannot inspect the safety of vegetables) (Traill & Koenig, 2010) . This can produce a 'market for lemons' or an adverse selection (Akerlof, 1970) .
Standard economics literature describes a market for lemons as one from which high-quality goods are eliminated because they are less profitable, leaving only low-quality goods. Akerlof explains the adverse selection mechanism by citing the used-car market as an example: used cars cannot be evaluated until after their new owners have driven them for a few days, and information on their sellers is limited because they are regular citizens who infrequently sell a small number of used cars. Used cars are thus categorised as 'experience goods'. Buying another used car (after experiencing mechanical problems, for example) is difficult because even used cars are relatively expensive. Thus, the trade between seller and consumer usually happens only once, and identifying the sellers of low-quality used cars is difficult.
The situation is somewhat different in food markets, such as that for agricultural products (e.g., vegetables and fruits). Degrees of food safety variability are often difficult for consumers to detect because the relevant factors are classified as 'credence quality' attributes (Henson & Traill, 1993; Latvala & Kola, 2002) . However, public agencies can test for residual pesticides and uncover regulation violations. Food safety levels might vary among producers, but information on average (or prevailing) food safety levels and on substandard products is easy to find on the Internet and other media. We can therefore assume consumers are increasingly aware of the average food safety levels. It follows that they will purchase products when their willingness to pay (WTP) is, at most, as high as their willingness to pay for average quality products. Therefore, firms producing high-quality products should exit the market, and food safety levels should fall to the level defined by the safety standards set by public agencies. Product prices should also continue to fall.
Previous studies of this topic have introduced various systems for preventing adverse selection and securing food safety levels. Such systems have included a public certification system (Crespi & Marette, 2001; Jahn, Schramm & Spiller, 2005; Albersmeier, Schulze, Jahn & Spiller, 2009) , HACCAP (Starbird, 2005) , safety standards systems (Hammoudi, Hoffmann & Surry, 2009) , and traceability systems (Sykuta, 2005; Starbird & Amanor-Boadu, 2006; Starbird & Amanor-Boadu, 2007) . In addition, researchers have examined the most appropriate methods with which to implement these systems (for example, Farina, Gutman, Lavarello, Nunes & Reardon, 2005; Cho & Hooker, 2007) .
However, food safety levels rarely fall to the level of existing safety standards, especially in developed countries where most firms satisfy the food safety standards set by public agencies to varying degrees. Further, despite the additional costs required to improve food safety (driven by the need for additional equipment and/or testing) and as reduced pesticide use increases the risk of disease and insect damage, products that offer higher safety levels are still being marketed, and at a price that does not fall. One possible explanation of this fact is an implicit assumption that firms in a market for lemons are homogeneous. Moreover, the possible reasons why adverse selection is not occurring in the agricultural products market include differences in cost structure, an inadequately examined issue. This paper is intended to fill this knowledge gap. This paper examines the following two cases. First, while assuming that the cost functions of firms producing higher-quality products are high, we examine whether all firms but those producing the lowest-quality products will exit from a market for lemons. Second, we examine whether firms producing higher-quality products can increase their sales if we relax our assumption about cost functions.
The remainder of this paper is structured as follows. Sections 2 and 3 examine these questions theoretically in the context of a normal market and a market for lemons. Section 4 describes the numerical simulations for the selected cases. Finally, section 5 concludes the paper.
Normal Market

Cost Functions
Suppose there are three competitive markets in which a single agricultural product with varying quality levels is sold. Product quality level is divided into high, middle, and low (H, M, and L, respectively). Quality differences are observable in the market during purchase through the products' labels; thus, products H, M, and L appear similar, but are easily distinguishable by their labels. Countless homogeneous firms operate in each competitive market. Of these, we shall refer to one of these firms in market H, M and L as 'firm H', 'firm M', and 'firm L', respectively.
Suppose a difference in quality means a difference in food safety, when other attributes are identical. As firm L in market L does not pay special attention to food safety, its total costs can be described as follows:
and F are the variable and fixed costs, respectively, and L x denotes the amount of product L.
The marginal cost is then specified as the following equation:
Firms M and L in markets M and L pay more attention to the safety of their products. Therefore, let us suppose the marginal costs of firms H and M can be specified as follows:
where H x and M x denote the amount of products H and L, respectively and     i Vol. 6, No. 11; 2013 
Assumption 1
Let us suppose
H   M   0 and   H x v    M x v    L x v . www.ccsenet.org/ibr International Business Research
Demand Functions and Market Equilibrium
The demand functions for products H, M, and L can be specified as follows:
where i  s are interpreted as the price premium when it is possible to distinguish product quality. Market equilibrium will be attained when
For the sake of simplicity, we suppose  
constants. We then have the following condition:
Let us denote the sales by firms H, M, and L as 
Market for Lemons
First Stage
Some of the assumptions above are modified in a market for lemons. Section 2 mentioned the labelling system that allows consumers to determine product quality and established that there are three competitive markets. In this section, however, we suppose that there is no such labelling system and that products H, M, and L are sold in the same competitive market (i.e. the market for lemons). Although countless firms operate in this market, we simplify by concentrating on three firms selling products that look similar, but have different food safety levels.
Here again, a difference in quality means a difference in food safety. For the sake of simplicity, let us suppose that the number of sales for firms H, M, and L at the beginning of the first stage are . We also suppose that consumers know these two facts (market shares and distribution). A consumer's willingness to pay for products in this market for lemons in the first stage can then be calculated as follows: 
Firm M in the First Stage
, from eqs. (9) and (11)
= 0 implies that firm M's total fixed cost for improving food safety is the same as the sum of the total fixed costs of firms H and L for their food safety improvement. For ease of notation, we denote
and obtain the following result: 
Firm L in the First Stage
            0 0 0 0 1 1 1 L M M H H L L L x x x x WTP k x   (14) Because 0 0 0 L M M H H x x x     is positive, it follows that 0 L x < 1 L x .
Second and Subsequent Stages
In the second stage, the sales of firms H, M, and L are , where
. Therefore, a consumer's willingness to pay for a product is modified as follows:
Using the same procedures presented in subsections 3.2 to 3.4, we can easily show x is not conclusive. Therefore, the preposition below holds.
Proposition 1
In any stage t , the following relationships hold under assumption 1:
Corollary 1
Under assumption 1, the WTP at any stage t is less than the initial WTP.
Numerical Simulations
Incomplete Market for Lemons
Although removing assumption 1 produces interesting findings, qualitative results are difficult to derive. Therefore, in this section, we conduct numerical simulations to examine three cases, some of which have assumption 1 removed. We use MS Excel for these numerical simulations. As mentioned in detail below, we set the parameter values and initial values of the sales by firms H, M, and L and calculate the dynamics of sales for 20 stages.
First, we examine the case where all three firms have the same cost functions except i  as follows:
We set k = 2, Vol. 6, No. 11; 2013 the sales for firms H, M, and L are 2, 2, and 2, respectively. Therefore, we use these values as the initial sales values for each firm in the market for lemons.
In this case, product H diminishes to zero at t = 2, while product M and L remain in the market in the long run (see Figure 1) . The sales of product M decrease, whereas those of product L increase. The numerical simulation suggests that, not only the firm producing the lowest-quality product, but also the other firms producing higher-quality products would remain in the market, even if the cost functions are the same but for term i  .
stage 
Typical Market for Lemons
Next, we modify the cost function as follows: Vol. 6, No. 11; 2013 Let us suppose
, and L p = 5. In this case, assumption 1 is satisfied. In the competitive markets, the sales for firms H, M, and L are 1, 1, and 4, respectively. Therefore, we use these values as the initial sales values for each firm in the market for lemons.
In this case, products H and M diminish to zero at t = 1 and 2, respectively, while product L remains in the market (see Figure 2 ). This result is consistent with the assertion that higher-quality products exit a market for lemons.
Inconsistent Case as the Market for Lemons
Finally, we set H
, and L p = 5. In the competitive markets, the sales for firms H, M, and L are 4, 2, and 1, respectively. Therefore, we use these values as the initial sales values for each firm in the market for lemons. This is an interesting case because the firms producing higher-quality products have more cost-effective production technologies (when ignoring i
The results are shown in Figure 3 . They suggest that firms producing higher-quality products can increase their sales even in a market for lemons. It follows that, if the firms producing higher-quality products have cost-effective production technologies, they can increase their sales even in a market for lemons. Thus, the WTP in stage t in the market for lemons may be higher than the initial WTP, as Figure 3 shows.
Proposition 2
If we remove assumption 1, the following relationship may hold for t >1:
Corollary 2
If we remove assumption 1, the WTP at some stage t may be more than the initial WTP.
This result suggests that adverse selection does not occur among agricultural products even without a labelling system, possibly because the cost functions of the firms producing lower-quality products are in the upper ranges.
Brief Discussion
In sections 2 and 3, we revisited adverse selection in the context of food safety in our setting (assumption 1) and showed that the sales of firm H always decrease or are stable, while those of L increase or are stable and those of firm M are not uniquely determined (Table 1) . In section 4, we treated the special case of a usual market for lemons, where not only the sales of firm L but also those of firm M remain in the long run (subsection 4.1). Then, we demonstrated the typical case of a market for lemons, where only the sales of firm L remain in the market (subsection 4.2). Finally, we then removed assumption 1 and showed that the sales of H, M, and L all remain in the market in the long run (subsection 4.3).
As suggested in the Introduction, food safety levels rarely fall to the level of existing safety standards. Our results suggest that this occurs because not only the firm that produces the lowest-quality products but others can remain in the market. We further showed that even firms that produce the highest-quality products can increase their sales when we relax our assumption about cost function. It is often pointed out that a market for lemons will occur in food markets, but we do not necessarily observe this issue in real food markets, especially those in developed countries. Indeed, the present paper explained the gap between traditional explanations and real market behaviour. 
Conclusions
This study's theoretical examinations and numerical simulations have explored why adverse selection in the food safety context does not seem to occur in the agricultural products market even when no labelling system is used. Food safety information is provided by public agencies and can be easily accessed and understood. Motivated by this information, consumers are willing to pay for products with average food safety levels. Although one expects adverse selection in the food safety context to occur in food markets, the food safety levels of agricultural products often remain higher than those mandated by public agencies' safety standards. This study's theoretical examinations and numerical simulations indicate the following. First, let us suppose that the cost functions of firms producing higher-quality products are in the upper ranges. Our theoretical analysis showed that the magnitude of the relationship between 0 M x and t M x is not conclusive. Our numerical simulation indicates that firm M can remain in a market for lemons: the WTP at any stage t is less than the initial WTP.
Second, we show that even firms producing the highest-quality products can remain in the lemon market and that firms producing middle-quality products can increase their sales if we relax our cost function assumption. Moreover, the WTP at some stage t can be more than the initial WTP.
The literature posits that adverse selection occurs in a market for lemons. However, when we explicitly consider the difference in cost functions, not only can firms producing the lowest-quality product remain in the market, but others can as well, indicating that a market for lemons is not inevitable. These results, produced by theoretical analyses and numerical simulations, must be confirmed through research on real firms. This is a task for future research.
